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ABSTMCT 

I This  r e p o r t  summarizes p r o j e c t  a c t i v i t y  dur ing  t h e  per iod 1 A p r i l ,  1966 
t o  30 Juile, 1966. A modei of stratocumulus cloud r e f l e c t a n c e ,  based on 2 June,  
1962 d a t a ,  ex t r apo la t ed  by comparison t o  r e s u l t s  of a s i n g l e  s c a t t e r i n g  theo ry ,  
i s  presented .  Reflectance s c a t t e r  diagrams, which provide information about 
t h e  s p e c t r a l  v a r i a t i o n  of r e f l e c t a n c e  of e a r t h  s u r f a c e  f e a t u r e s ,  a r e  d iscussed .  

Problems encountered during t h e  f i n a l  t e s t i n g  and c a l i b r a t i o n  of t h e  
i n t e r f e r o m e t e r  spectrometer  a r e  discussed.  Balloon f l i g h t  prepara t ions  and 
f i e l d  opera t ions  f o r  t h r e e  ba l loon  f l i g h t s  a t  P a l e s t i n e ,  Texas a r e  desc r ibed .  
An i n i t i a l  eva lua t ion  of da ta  obtained on t h e  8 May, 1966 ba l loon  f l i g h t  is 
presented .  

i x  



I. INTRODUCTION 

Th i s  i s  t h e  1 4 t h  Q u a r t e r l y  Progress Report on Cont rac t  No. NASr-54(03) 
cover ing  t h e  period 1 A p r i l ,  1966 t o  30 June, 1966. 
t h i s  t ime period wak d iv ided  among t h e  fo l lowing  t a s k s :  

The p r o j e c t  e f f o r t  dur ing  

1, Analysis of da t a  from previous b a l l o o n  f l i g h t s .  
2 .  Development of an i n f r a r e d  in t e r f e romete r  f o r  s p a c e c r a f t  use .  
3. Balloon f l i g h t  p repa ra t ions  and f i e l d  ope ra t ions .  
4. I n i t i a l  a n a l y s i s  of b a l l o o n  f l i g h t  d a t a .  

1 



11. ANAYISES OF DATA FROM P'REVICUS BALLOON FLIGITCS 

A .  MODEL OF STRATOCUMULUS CLOUD REFLECTANCE 

A model of t h e  r e f l e c t a n c e  of a s t ra tocumulus cloud has been cons t ruc ted  
from da ta  obtained on t h e  2 June,  1962 ba l loon  f l i g h t ,  ex t r apo la t ed  by  com- 
par i son  w i t h  Deirmendjian' s' c a l c u l a t i o n  f o r  s i n g l e  s c a t t e r i n g  i n  a water c loud 
model. The average da ta  f o r  t h e  0.55-0.75-micron channel and t h e  0.2-4.0-micron 
channel of the  TIROS lo3 radiometer  a r e  shown i n  F igu re  1 along wi th  t h e  theo-  
r e t  i c a l  resul ts  of Deirmend j i a n .  

While t h e  s i n g l e  s c a t t e r i n g  model does not  produce t h e  i n t e n s i t y  of t h e  
a c t u a l  cloud s c a t t e r i n g ,  t h e  q u a l i t a t i v e  agreement of t h e  f u n c t i o n a l  r e l a t i o n -  
s h i p  should b e  noted, even t o  t h e  ex i s t ance  of t h e  maximum of t h e  curve a t  
B = 136" ( i . e . ,  t h e  fogbow). 
143" f o r  h = 0.70. 

This  angle  i s  less  than  t h e  t h e o r e t i c a l  angle  of 

Since data  was obtained only f o r  50" < f3 < 145" t h e  curve has been ex t r apo la t ed  
from 50" t o  0" and from 145" t o  180" us ing  t h e  t h e o r e t i c a l  curve a s  a guide.  
Th i s  f i n a l  curve,  a l s o  shown i n  F igure  1, is  a f i n a l  e s t ima te  of t h e  s c a t t e r i n g  
p a t t e r n  of a s t ra tocumulus cloud f o r  high s o l a r  z e n i t h  angles .  A t h r e e - d i -  
mensional model of t h i s  s c a t t e r i n g  p a t t e r n  i s  shown i n  F igure  2. I n  t h i s  
f i g u r e ,  t h e  f l a t  c i r c u l a r  d i s k  r e p r e s e n t s  t h e  t o p  of a f l a t  cloud. S o l a r  r a d i -  
a t i o n  is inc ident  from t h e  r i g h t  a t  an e l e v a t i o n  angle  of 20". 
s c a t t e r i n g  pa t t e rn  poin t ing  t o  t h e  r i g h t  i s  backsca t t e r ing .  The fogbow i s  t h e  
next  "sca l lop"  i n  t h e  pa t t e rn .  The l a r g e  amount of forward s c a t t e r i n g  i s  shown 
a t  t h e  l e f t .  The t r u n c a t i o n  of t h i s  forward s c a t t e r i n g  i s  merely due t o  t h e  
l i m i t  i n  t h e  s i z e  of t h e  model. The smal l  bow i n  t h e  c e n t e r  of t h e  p a t t e r n  may 
poss ib ly  be due t o  noise .  Ceirmendjian 's  c a l c u l a t i o n s  show t h a t  t h i s  bow e x i s t s  
a t  5.3 microns b u t  no t  a t  lower wavelengths. 

The s p i k e  i n  t h e  

Note t h a t  t h e  complete s c a t t e r i n g  p a t t e r n  i s  a f i g u r e  of r e v o l u t i o n  having 
t h e  r a y  of inc ident  s o l a r  r a d i a t i o n  a s  a x i s ,  and t h a t  t h e  b i r e f l e c t a n c e  p a t t e r n  
of t h e  cloud is  obtained by merely c u t t i n g  t h e  s c a t t e r i n g  p a t t e r n  wi th  a plane,  
a s  i n  F igu re  2 ,  s o  t h a t  t h e  c o r r e c t  angle  of incidence is  obtained.  Thus it 
i s  obvious, t h a t  t h e  t o t a l  d i r e c t i o n a l  r e f l e c t a n c e  of such a cloud i s  a func t ion  
of t h e  e l eva t ion  angle  of t h e  sun, and can be  c a l c u l a t e d  by i n t e g r a t i n g  over 
t h e  hemisphere above t h e  plane.  

This  has been done f o r  t h e  s c a t t e r i n g  model shown i n  Figur.e 2 wi th  t h e  
r e s u l t  shown i n  F igure  3, which shows t o t a l  d i r e c t i o n a l  c loud r e f l e c t a n c e  a s  
a func t ion  of t h e  s o l a r  angle  of e l e v a t i o n .  The t o t a l  d i r e c t i o n a l  r e f l e c t a n c e  
has a minimum value of 58% a t  a s o l a r  e l e v a t i o n  angle  of 40", and a maximum 
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I 

of 85% a t  0" e l e v a t i o n  angle.  Thesenresu l t s  a r e  i n  agreement wi th  those  of 
o t h e r  experimenters;  i . e . ,  NeiburgerL obtained t o t a l  r e f l e c t a n c e s  of 70-80$ 
f o r  a 180O-foot t h i c k  stratocumulus cloud ( s o l a r  e l e v a t i o n  angle  n o t  no ted ) .  

B. REFLECTANCE SCATTE3 DIAGRAMS 

Although t h e  da ta  f o r  much of t h i s  ba l loon  f l i g h t  cannot b e  used t o  p l o t  
b i d i r e c t i o n a l  r e f l e c t a n c e  or  s c a t t e r i n g  diagrams, it does provide some i n f o r -  
mation about t h e  s p e c t r a l  dependence of r e f l e c t a n c e s  measured. Values of t h e  
radiometer measurements t aken  simultaneously by t h e  two channels of t h e  r a d i -  
ometer a r e  p l o t t e d  i n  a modified s c a t t e r  diagram i n  F igu re  4 ,  i . e . ,  t h e  r a t i o  
of t h e  b i d i r e c t i o n a l  r e f l e c t a n c e  of t h e  wide-band channel, pg, divided by t h e  
b i d i r e c t i o n a l  r e f l e c t a n c e  of t h e  narrow-band channel,  p '  , i s  p l o t t e d  v s .  

p; 5 
The d a t a  samples were taken  a t  4.5-minute i n t e r v a l s  throughout t h e  day, 

s o  t h a t  t h e  diagram shows samples of data t aken  a t  d i f f e r e n t  s c a t t e r i n g  angles  
and f o r  d i f f e r e n t  cloud cond i t ions .  The diagram shows t h a t  for t h e  most p a r t ,  
channel 3( 0.2-5.5 microns) r e f l e c t a n c e s  a r e  g r e a t e r  t han  channel 5(  0.55-0.75 
micron) r e f l e c t a n c e s ,  wi th  t h e  r a t i o  being approximately equal t o  1 a t  high 
r e f l e c t a n c e s  and a s  h igh  a s  2 f o r  low values of r e f l e c t a n c e .  Th i s  diagram 
provides a d d i t i o n a l  evidence t h a t  t h e  narrow-band channel da t a  cannot be  used 
f o r  e a r t h  a lbedo  c a l c u l a t i o n s ,  and t h a t  if it is s o  used a va lue  of e a r t h ' s  

Given Bandeen's d a t a  a c o r r e c t i o n  f a c t o r  f o r  h i s  e a r t h ' s  a lbedo  could b e  ca lcu-  
l a t e d  from a curve such a s  shown i n  F igure  4 .  

a lbedo  which is  t o o  smal l  w i l l  be  obtained ( a s  was obtained by Bandeen 3 ) .  

I n  F igu re  5 t h e  r e f l e c t a n c e  r a t i o  is p l o t t e d  a s  a f u n c t i o n  of time dur ing  
t h e  b a l l o o n  f l i g h t .  A gene ra l  d e s c r i p t i o n  of t h e  scene viewed i s  given a long  
t h e  bottom of t h e  f i g u r e  f o r  c o r r e l a t i o n  w i t h  t h e  r e f l e c t a n c e  r a t i o .  When t h e  
radiometer views t h e  stratocumulus cloud, t h e  r e f l e c t a n c e  r a t i o  i s  very c l o s e  
t o  1. However, e a r l y  i n  t h e  morning when t h e  sun i s  a t  a very low e l e v a t i o n  
angle  (< 8"), t h e  r a t i o  is considerably l e s s  t h a n  1; and l a t e  i n  t h e  day, when 
t h e  radiometer i s  looking through s c a t t e r e d  clouds a t  t h e  e a r t h ,  t h e  r a t i o  i s  
much g r e a t e r  t han  1. Th i s  change of the  r a t i o  du r ing  t h e  day i s  c o n s i s t a n t  
w i t h  a s p e c t r a l  d i s t r i b u t i o n  conta in ing  p r i m a r i l y  s h o r t  wavelength s c a t t e r e d  
r a d i a t i o n  i n  t h e  morning, roughly equal i n t e n s i t i e s  a t  a l l  wavelengths when 
looking a t  stratocumulus wi th  t h e  sun above 8 O ,  and increased  r e f l e c t a n c e  a t  
wavelengths above 0.75 micron when looking a t  t h e  e a r t h  through s c a t t e r e d  
clouds i n  t h e  a f te rnoon.  

S imi l a r  r e s u l t s  were obtained on the  26 June, 1963 b a l l o o n  f l i g h t .  Curves 
of t h e  r e f l e c t a n c e  r a t i o  p ' / p '  v s .  p '  were obtained by bo th  t h e  TIROS l O 3 A  and 
NIMBUS MRIR F-1 radiometer?.  5These dzta a r e  shown i n  F igu res  6 and 7, r e s p e c t -  
i v e l y .  They show a f u n c t i o n a l  r e l a t i o n s h i p  s i m i l a r  t o  t h a t  shown by t h e  TIROS 
103A radiometer on t h e  2 June ,  1962 ba l loon  f l i g h t ,  w i t h  p? > pf f o r  low va lues  

3 



of p 3  and pf % ps f o r  high values  of p 3 .  
p5/p$ = 1 .0  a t  p$ = 90, whereas t h e  NIMBUS radiometer  da t a  show t h e  r a t i o  = 
0.8 a t  t h i s  value of 6. 
( t h e  c a l i b r a t i o n  of t h e  narrow-band channel of t h e  F-1  radiometer  i s  u n c e r t a i n  
because of f i l t e r  d e t e r i o r a t i o n ) .  
t h a t  t h e  narrow-band channel da t a  cannot be  used t o  i n f e r  e a r t h  a lbedo va lues  
without  t h e  use of a c o r r e c t i o n  f a c t o r  der ived  Trom curves such a s  F igures  
4, 6, and 7. 

The TIROS radiometer  da t a  show 

The d i f f e r e n c e  may be due t o  c a l i b r a t i o n  e r r o r s  

A t  any r a t e  t h e  d a t a  b e a r  out t h e  conclus ion  

Reflectance r a t i o s  have been p l o t t e d  a s  a f u n c t i o n  of t ime f o r  t h i s  
bal loon f l i g h t  i n  F igures  8 and 9 .  Again t h e  gene ra l  na tu re  of t h e  t e r r a i n  
viewed is  ind ica ted  a t  t h e  bottom of t h e  f i g u r e .  When t h e  radiometers  view 
t h e  high clouds a t  t h e  end of t h e  f l i g h t  t h e  r e f l e c t a n c e  r a t i o  i s  c l o s e  t o  1, 
however, f o r  c l e a r  sky condi t ions  e a r l i e r  i n  t h e  f l i g h t ,  t h e  r a t i o  i s  a s  
high a s  3 . 5 ,  due t o  t h e  f a c t  t h a t  t h e  r e f l e c t a n c e  of t h e  e a r t h  i s  g r e a t e r  i n  
t h e  long wavelength r eg ion .  The r a t i o  f o r  c l e a r  s k i e s  decreases  wi th  i n c r e a s i n g  
sun angle  a s  we should expect ,  because of a decrease  i n  s c a t t e r e d  s h o r t  wave- 
l eng th  r a d i a t i o n .  



This  three-month i n t e r v a l  was a period of t e s t i n g ,  c a l i b r a t i o n ,  and modi- 
f i c a t i o n  i n  prepara t ion  f o r  t h e  ba l loon  f l i g h t .  The fo l lowing  is  a b r i e f  de- 

l s c r i p t i o n  of t h e  s i g n i f i c a n t  events  i n  chronological  order .  

During t h e  f i r s t  few days of A p r i l  t h r e e  changes were made i n  t h e  instrument  
a s  a r e s u l t  of a t tempts  t o  c a l i b r a t e  a t  Bendix System Divis ion .  The changes 
were : 

1. The c a l i b r a t i o n  t a r g e t s  were moved c l o s e r  t o  t h e  instrument a p e r t u r e  
s o  t h a t  t h e y  would f i l l  t h e  l a r g e r  f i e l d  of view obtained by changing t o  t h e  
old Block 1-4 d e t e c t o r  ( a l l  o ther  de t ec to r s  had been s e n t  t o  Barnes Engineering 
CO.  f o r  r e p a i r s ) .  

2 .  The ga in  changing c i r c u i t  was changed t o  g ive  a 4:l i n s t ead  of 1O:l 
r a t i o .  Th i s  was done t o  reduce t h e  o f f s e t  e r r o r  produced by a d i f f e r e n t  z e r o  
o f f s e t  i n  t h e  ampl i f i e r  f o r  t h e  two d i f f e r e n t  va lues  of ga in .  

3. Foam i n s u l a t i o n  was placed around t h e  instrument  ape r tu re  t o  c o r r e c t  
f o r  excess ive  hea t  loss. 

The f i r s t  s e r i e s  of environmental  t e s t s  were then  c a r r i e d  out a t  Chrys le r  
Miss i l e  Div is ion  on A p r i l  4-6. 
were e n c o u n t e r e d i n t h e  opera t ion  of t h e  in t e r f e romete r .  These d i f f i c u l t i e s  and 
t h e  co r rec t ions  made a f t e r  r e t u r n i n g  t o  Ann Arbor were: 

The complete gondola was t e s t e d .  Four d i f f i c u l t i e s  

1. Fkcessive noise  i n  t h e  s i g n a l s  due t o  t h e  a r c i n g  of s e r i a l  motors and 
t h e  ope ra t ion  of cameras on t h e  ba l loon  gondola. Addi t iona l  f i l t e r i n g  reduced 
t h e  no i se  t o  a b a r e l y  acceptab le  l e v e l .  

2. The ga in  switching c i r c u i t  f a i l e d  t o  opera te  when a s i g n a l  i n  excess  
of f u l l  s c a l e  was appl ied  t o  t h e  A-D converter .  The switching r a t i o  was changed 
back t o  1 O : l  and t h e  ze ro  o f f s e t  e r r o r  was minimized by a new adjustment t ech -  
nique involv ing  a s imulated interferogram s i g n a l .  

3 .  A f r a c t u r e d  l i n e  i n  t h e  4 - l i t e r  l i q u i d  Np cool ing  system prevented 
proper cool ing  of t h e  in t e r f e romete r .  
a.nd clamped more secure ly .  

The p l a s t i r  t ub ing  

4. The b iphase  s i g n a l  c i r c u i t r y  f a i l e d  near  t h e  end 
t h e  s imula t ion  of t h e  gondola descent .  A l l  A-D conve r t e r  
w i th  p l a s t i c .  

A procedure was developed f o r  i n spec t ing  t h e  d i g i t a l  

used was shortened 

of t h e  t e s t ,  dur ing  
boards were coated 

s i g n a l  output  of 
t h e  in t e r f e romete r .  The magnetic t ape  record ing  i s  played back a t  slow speed 
and recorded on a CEL d i r e c t  w r i t i n g  recorder  opera t ing  a t  h igh  speed. The 
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d i g i t a l  s igna l s  a r e  v i s u a l l y  decoded and p l o t t e d  on a graph f o r  d e t a i l e d  in -  
spec t ion .  Although t h e  procedure i s  time consuming, t h e  f i n a l  r e s u l t s  a r e  exce l -  
l e n t "  By t h i s  method it was determined t h a t  t h e  n o i s e  due t o  camera ope ra t ion  
was nc t  of s e r ious  i n t e r f e r e n c e  

A second s e r i e s  of environmental  t e s t s  were c a r r i e d  out a t  Chrys le r  Miss i l e  
Div is ion  on A p r i l  10-12. Two major problems were encountered and so lved .  

1. A valve i n  t h e  l i q u i d  N2 system f r o z e  and prevented proper temperature  
c o n t r o l ,  The va lve  was moved t o  a d i f f e r e n t  p a r t  of t h e  system. 

2" The Block 1-4 d e t e c t o r  became i n t e r m i t t a n t l y  noisy  and was replaced 
by an open f l ake  d e t e c t o r  which had been r e p a i r e d  at Barnes Engineer ing Co. 

The prel iminary c a l i b r a t i o n s  were completed on A p r i l  12. The remainder 
of t h e  ba l loon  f l i g h t  prepara t ions  were c a r r i e d  out a t  P a l e s t i n e ,  Texas and a r e  
descr ibed i n  t h e  next  s e c t i o n  of t h i s  r e p o r t .  
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I V .  BALLOON FLIGIET PREPARATIONS AND FIELD OPERATIONS 

A .  FINAL TESTS AT THE UNIVERSITY OF MICHIGAN 

Tina]. t e s t s  cf t h e  e n t i r e  ba l loon  gondola were c a r r i e d  out be fo re  t h e  
environmental  t e s t  a t  Chrys le r  Missile Div is ion .  Two d i f f i c u l t i e s  encountered 
were c o r r e c t e d .  A s l i g h t  amount of intermodulat ion between t e l eme t ry  sub- 
c a r r i e r s  was co r rec t ed  by a d j u s t i n g  t h e  pre-emphasis. A malfunct ion of t h e  
programming l o g i c  which prevented proper c a l i b r a t i o n  of t h e  t e l eme t ry  was 
c o r r e c t e d .  In t e r f e romete r  problems a r e  descr ibed  above. 

B .  EN’JIRONMESPTAL TESTS AT CHRYSLER MISSILE DIVISION 

The environmental  t e s t  of t h e  e n t i r e  gondola was held a t  Chpysler Miss i l e  
Div is ion  on A p r i l  4-6* 
chamber. The t e s t  was run on A p r i l  5 ,  and t h e  equipment was removed from t h e  
chamber on A p r i l  6 .  

On A p r i l  4 ,  a l l  equipment was i n s t a l l e d  i n  t h e  test, 

The purpose of t h i s  t e s t  was t o  provide a s h o r t  per iod of ope ra t i cn  cf a l l  
equipment under s imulated ba l loon  f l i g h t  cond i t ions .  Although a i r  p ressure  
and temperature  v a r i a t i o n s  were s imula ted r e a l  i s  t i c a  lly , env i r  o m e n t  a 1 con- 
d i t i o n s  were not  a c c u r a t e l y  s imulated because of t h e  lack  of c o n t r o l  of t h e  
charxber r e l a t i v e  humidity and because s o l a r  r a d i a t i o n  was not  s imulated accu- 
r a t e i y .  The t e s t  chamber c o n d i t i o m  a re  summarized i n  Table  I .  Other t e s t  
cond i t i cns  should be noted.  
ncr  t h e  s p i n  j e t s  were t e s t e d  a s  t hey  would be used during t h e  f l i g h t .  A 
t r a n s z i t t i n g  antenna was i n s t a l l e d  i n  the  chamber t o  t e s t  f o r  RPI  under a 
24G02 mhz f i e l d  somewhat g r e a t e r  i n  magnitude than  would be encountered under 
norma; f l i g h t  cm,d i t ions .  

Nei ther  the  f r e e  a i r  temperature  t h e r m i s t e r  booms 

I n t e r f e r o E e t e r  d i f f i c u l t i e s  dur ing  t h i s  t e s t  have been noted above. I n  
a d d i t i o n ,  b a t t e r y  compartment temperatures s l i g h t l y  lower than  d e s i r a b l e  i n d i -  
ca ted  t h a t  a d d i t i o n a l  i n s u l a t i o n  should be provided.  

With t h e  success fu l  conclusions of t h i s  t e s t  and a f t e r  t h e  success  of 
a d d i t t o n a l  in te r fe rometer  t e s t s  on April, 10-12, a l l  equipment and personnel  
were t r anspor t ed  t o  P a l e s t i n e ,  Texas f o r  t h e  ba l loon  f l i g h t  opera t ions  
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TABLE I 

TEST CONDITIONS FOR 5 APRIL, 1966 ENVIRONMENTAL TEST 

A 1  i t ude ,  Temperature Program 
EST Minut e s 10 4 f e e t  O C  OF Funct ion 

Time 

1309: 47 0 
10 
20 
30 
40 
50 

1409 : 47 60 
70 
80 
90 
100 
110 

1509: 67 12 0 
130 
140 
150 
160 
17 0 

1609 : 47 18 0 
19 0 
2 00 
210 
220 
23 0 
240 
250 
260 
270 

I 

I 

, 

1709 : 47 

Ambient 
Ambient 
Amb i e n t  
Ambient 
Ambient 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
1% 
105 
1@ 
1 0  
1 0  
1@ 
1@ 
100 
80 
60 
40 
20 
10 

20 
20 
10 
0 

-10 
-2 0 
-35 
-5 0 
-60 
-60 
-55 
-5 0 
-45 
-4 0 
-35 
-3 0 
-3 0 
-3 0 
-3 0 
-3 0 
-3 0 
-3 0 
-35 
-4 0 
-40 
- 15 
15 
20 

68 
68 
50 
32 
14 
- 4  
-31 
-58 
-76 
-76 
-67 
-58 
-49 
-40 
-3 1 
-22 
-22 
-22 
-22 
-22 
-22 
-22 
-31 
-40 
-40 
5 
59 
68 

Camera 1 Door Closed 

Sun Mirror 

Cameras 2, 3, 4 

I n s t .  Doors Open 

I n s t .  Doors Closed 

1749 : 47 280 0.5 25 77 
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n 
b. 

Balloon f l i g h t  opera t ions  were begun on 1 4  Apr i l .  Assembly and t e s t  oper- 
a t i o n s  on t h e  main gondola were s t a r t e d .  The assembly and t e s t  of a smal l  telem- 
e t r y  t e s t  package was completed by 18 Apri l ;  however, s u r f a c e  weather was not  
s u i t a b l e  f o r  a ba l loon  launch u n t i l  A p r i l 2 7 .  T h i s  pre l iminary  t e s t  f l i g h t  (NCAR 
f l i g h t  213-P) was r e l e a s e d  a t  e 2 5  CST on 27 A p r i l  under c l e a r  s k i e s .  
s u r f a c e  winds (12  kno t s )  r e s u l t e d  i n  3 at tempts  be fo re  a success fu l  launch was 
achieved. 
tude  of 101,400 f e e t  a t  an  average ascent  r a t e  of 918 f e e t  per  minute. 

High- 

The Raven I n d u s t r i e s  250,000 cubic f o o t  ba l loon  r o s e  t o  a f l o a t  a l t i -  

Although t h e  t e l eme t ry  antenna was pul led o f f  of t h e  package dur ing  t h e  
rough launch  opera t ions ,  da t a  was obtained f o r  two hours a f t e r  t h e  ba l loon  reached 
f l o a t  a l t i t u d e .  P a r t i a l  t e s t  f l i g h t  r e s u l t s  were obtained.  A l l  t e l eme t ry  
ground s t a t i o n s  were found t o  be i n  good working order .  Data on t e l eme t ry  range 
wi th  known power outputs  was not  obtained because of t h e  l o s s  of t h e  antenna. 
The ba l loon  conf igu ra t ion ,  a l t i t u d e  vs .  time curve,  t r a c e  of ba l loon  t r a j e c t o r y  
on t h e  e a r t h ,  and f ree  a i r  temperature  data f o r  t h i s  f l i g h t  a r e  shown i n  F igures  
10-13. A summary of ba l loon  weight da t a  is g iven  i n  Table  11. 

TABLE I1 

WEXGHT AND LIFT DATA FOR TELENETRY TEST FLIGm 
( F l i g h t  213-P, 27 A p r i l  1966) 

l b  

Bal loon (Raven 2333-545-386) 

Parachute  (24-Foot Diameter) 

Bal loon C on t r  ol Instruments  
(Radio beacon, bqrocoder,  s a f e t y  t imer ,  
photobarograph, comnand r ece ive r  and 
decoder) 

S c i e n t  i f  i c  Payload 

Gross  Weight 

Free L i f t ,  15% 

Gross  L i f t  

88.0 

23.0 

61.0 

13.0 

185.0 

28.0 

213.0 
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D .  BALLOON FLIGHT OF INFRARED I N S T R U ~ S  

The f i n a l  assembly and t e s t i n g  of t h e  l a r g e  gondola was c a r r i e d  out con- 
c u r r e n t l y  w i t h  t h e  t e l eme t ry  t e s t  payload. S e v e r a l  problems developed i n  t h e  
course of t h i s  work and were so lved  without excep t iona l  d i f f i c u l t y .  

The 110 v o l t  AC 60-cycle power supply t o  t h e  bus was found t o  be much t o o  
low i n  vol tage .  Wiring changes co r rec t ed  t h i s  and e l imina ted  a high bus t o  
e a r t h  vo l t age .  The pho toce l l  f i e l d  of view was ad jus t ed  s l i g h t l y .  

In te r fe rometer  f i e l d  of view measurements were c a r r i e d  out  on 18 A p r i l .  
Pre l iminary  check outs  of t h e  complete gondola were c a r r i e d  out on 19, 20, and 
21 A p r i l .  On 22 A p r i l  t h e  in t e r f e romete r  d e t e c t o r  was found t o  b e  i n t e r m i t t a n t l y  
noisy .  On t h e  b a s i s  of previous experience it was f e l t  d e s i r a b l e  t o  cont inuous ly  
main ta in  t h e  instrument a t  0°C and 
ambient temperature.  

e l i m i n a t e  tempera ture  c y c l i n g  from 0°C wi th  

The instrument was kept  a t  0 ° C  w i th  ambient a i r  p re s su re  u n t i l  24 A p r i l  
when it was p l a c e d ' i n  t h e  NCAR environmental t e s t  chamber a t  low p res su re .  

F l i g h t  proceedures were begun on 28 A p r i l ,  3 May, and 4 May, b u t  cance l l ed  
because of high s u r f a c e  winds, ground f o g  and/or bad weather p red ic t ed  f o r  t h e  
impact s i t e  

The f l i g h t  (NCAR 214-P) was launched on 8 May, 1966 a t  0553 CST under 
i d e a l  weather cond i t ions .  The 2.94 m i l l i o n  cubic  f o o t  Winzen b a l l o o n  ascended 
tG t h e  f l o a t  a l t i t u d e  of 108,100 f e e t  an average r a t e  of 1006 f e e t  per minute. 
It remained a t  a l t i t u d e  f o r  7 . 5  hours.  The f l i g h t  was te rmina ted  by r a d i o  
command a t  1520 CST, wi th  a r e s u l t i n g  parachute descent  t o  impact 23 mi les  
west of Leona, Texas a t  1618 CST. 
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TABLF: 111 

WEIGHT AND LIFT DATA FOR INFRARED MEASUREMENTS FLIGHT 
( F l i g h t  214-P, 6 May 1367) 

Balloon (SF-199.78-i.00-NS-01) Winzen 

Parachute (64  Foot Diameter ) 

Bottom Box (Radio beacon, barocoder, 
s a f e t y  t imer ,  photobarograph, r a d i o  
command r e c e i v e r  and decoder) 

Top Box (Radio beacon, barocoder,  
radiosonde t r a n s m i t t e r )  

S c i e n t i f i c  Payload 

B a l l a s t  

l b  
677.0 

75.0  

40.0 

23.0  

680.0 

100.0 

Sros s Weight 1-595 * 0 

Free L i f t ,  le 159.0 

Gross L i f t  1754.0 

The b a l l o o n  conf igu ra t ion ,  a l t i t u d e  v s .  t i n e  curve,  t r a c e  of b a l l o o n  
t r a j e c t o r y  on t h e  e a r t h ,  f ree  a i r  temperature d a t a  du r ing  a scen t  and program 
of f u n c t i o n s  and s i g n a l s  f o r  t h i s  ba l loon  f l i g h t  a r e  shown i n  F igu res  14-18. 
A summary of ba l loon  weight dat,a i s  given i n  Table 111, 

The f l i g h t  was p a r t i a l l y  successfu l .  Good da ta  were obtained f e r  t h e  
in t e r f e romete r .  The f i l t e r  wedge spectrometer and MRIR radiometer d a t a  were 
only p a r t i a l l y  complete 

Two primary f a i l u r e s  occurred wi th  major e f f e c t  on t h e  d a t a .  The f ree  
a i r  t e n p e r a t u r e  (FAT) boom cable  snapped a t  launch and allowed t h e  boom t o  
swing down i n t o  t h e  pa th  of t h e  MRIR door. About an  hour and a h a l f  a f t e r  
launch, when t h e  MRIR door s t a r t e d  t o  open, a s h a r p  corner  of t h e  door caught 
i n  t h e  FAT boom: t h e  door jammed. The s t a l l e d  motor even tua l ly  burned out .  
The MRIR door was only p a r t i a l l y  open and s o  p a r t i a l  da ta  from only 3 channels 
was obtained 

One hour a f t e r  launch t h e  o the r  primary f a i l u r e  occurred. A Ledex 
s t epp ing  r e l a y  f a i l e d  i n  t h e  ca l ibra te - r roni tor  c i r c u i t .  From t h i s  t i m e ,  



throughout the  remainder of t h e  f l i g h t ,  t h e r e  were no f u r t h e r  t e l eme t ry  Ca l i -  
b r a t i o n s ,  and only a smal l  p o r t i o n  of t h e  housekeeping da ta  was te lemetered  t o  
t h e  ground. This  f a i l u r e  occurred a t  approximately t h e  t i m e  t h a t  t h e  s u r f a c e  
t r a c k i n g  radar  was turned  on t o  t r a c k  t h e  ba l loon ,  however it i s  not  poss ib l e  
t o  determine whether or  not  t h i s  was t h e  cause of t h e  f a i l u r e .  A f t e r  t h e  f l i g h t , ,  
it was determined t h a t  t h e  b a s i c  f a i l u r e  was a t r a n s i s t o r  i n  t h e  r e l a y  d r i v e r  
c i r c u i t  I 

There was a f a i l u r e  of t h e  110-vol t  AC 60-cyc1.e power a t  0916 CST, when 
t h e  e n t i r e  NCAR power supply f a i l e d .  However, only a few minutes of s i g n a l s  
were Lost  during t h e  t ime it took t o  s t a r t  t h e  b u s ' s  Onan gene ra to r s  and switch 
t o  mobile operat ion.  

A summary of r e s u l t s  obtained on t h i s  ba l loon  f l i g h t  i s  g iven  i n  Table  I V .  

TABLE I V  

SUMMARY OF RESUIES,  8 MAY, 1966 BALLOON FLIGHT 

1. In te r f e romete r :  good da ta  throughout f l i g h t ,  

2 .  F i l t e r  wedge spectrometer :  da t a  from spectrometer  throughout 
f l i g h t :  
bolometer temperatures  were not  obtained.  

no c a l i b r a t i o n s  above 60000 f e e t  s i n c e  blackbody and 

3. MRIR: da t a  f o r  p a r t  of scan  on 3 channels .  

4. Photoce l l  azimuth da ta :  good da ta  throughout f l i g h t .  

5 .  Housekeeping da ta :  only a smal l  po r t ion .  

6. Telemetry: s o l i d  throughout f l i g h t  a 

7 .  Cameras: 

a .  1, seven hours of opera t ion ,  s h u t t e r  l i g h t  l e a k  a f t e r  3 hours .  
b.  2 ,  n ine  hours of ope ra t i cn ,  t iming  unce r t a in  a f t e r  2 . 5  hours ,  
c .  3, camera jammed s h o r t l y  a f t e r  launch. 
d .  4, nine  hours of ope ra t ion ,  s h u t t e r  l i g h t  l e a k  a f t e r  4 hours .  

E.  JOINT OPEXATION WITH JPL 

After the  8 May ba l loon  f l i g h t  p repa ra t ions  were made f o r  t h e  second major 
i n f r a r e d  instrument ba l loon  f l i g h t  on t h i s  f i e l d  t r i p ,  a j o i n t  opera t ion  wi th  
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JPL. On t h i s  f l i g h t  two JPL instruments  were flown along wi th  t h e  f i l t e r  wedge 
spectrometer  and t h e  3 R I R  radiometer .  
i n f r a r e d  mul t ide t ec to r  spectrometer  (IRMS) and t h e  4.2-micron in f r a red  scanning 
spectrometer  ( i S S ) .  

The JPL instruments  were t h e  4.2-micron 

All equipment which f a i l e d  on t h e  8 May ba l loon  f l i g h t  was r epa i r ed ,  and 
pre l iminary  t e s t i n g  of t h e  instruments  was begun. An extens ive  s e r i e s  of 3 1  
t e s t s  were conducted on 15 May and t h e  gondola was ready f o r  f l i g h t  on 16 May. 
F i n a l  f l i g h t  prepara t ions  were begun on the  mornings of 20, 22 and 25 May, b u t  
were cance l led  because of high su r face  winds. 

The launch opera t ions  were f i n a l l y  c a r r i e d  out on 26 May. The ba l loon  
The (NCAR f l i g h t  216-P) was r e l eased  from the  i n f l a t i o n  spool  a t  0200 CST. 

r e l e a s e  l i n e  c u t t e r s  f a i l e d  t o  opera te  and t h e  scr im ba l loon  spread out  i n t o  
a Large spinnaker  s a i l ,  inducing l a r g e  forces  on t h e  r e s t r a i n i n g  l i n e ,  which 
even tua l ly  broke.  The gondola was dragged, bouncing, a long  t h e  ground and 
smashed in t ,o  a l a r g e  A frame. This  impact severed t h e  load l i n e  and demolished 
t h e  gondola. 

The rugged cons t ruc t ion  of t h e  gondola provided good p r o t e c t i o n  f o r  t h e  
equipment. Table  V i s  an eva lua t ion  of t he  condi t ion  of a l l  Un ive r s i ty  of 
Michigan equipment made a f t e r  t h e  d i s a s t e r .  Table  V I  i s  a weight summary 
f o r  t h i s  ba l loon  f l i g h t .  F igure  19 is a photograph of t h e  r e s u l t  of t h e  launch 
d i s a s t e r .  The ba l loon  gondola is  l y i n g  a t  t h e  bottom of t h e  A frame. 



TABLE V 

CONDITION OF EQUIPMEXI AFTER BALLOON FLIGHT 

1. MRIR 

Scanner - apparent ly  undamaged. 
E lec t ron ic s  - chass i s  has s e v e r a l  smal l  rup tu res .  
Cables - t o r n  badly ,  complete loss. 
Power supply box - badly  damaged b u t  r e p a i r a b l e .  

2 .  F i l t e r  Wedge 

Op t i ca l  instrument  - dents  i n  enc losure ,  opera tes  s a t i s f a c t o r i l y .  
Demodulator - severe  bending, ope ra t e s  s a t i s f a c t o r i l y .  

3. Cameras 

A l l  cameras except  camera 1 damaged b u t  r e p a i r a b l e ,  camera 1 
opera tes  s a t i s f a c t o r i l y .  

4 .  E l e c t r i c a l  c o n t r o l s  and cab le s  - complete loss. 

5 .  Yardney s i l v e r  c e l l s  - apparent ly  undamaged. 

6. Gondola - complete loss - rep laced  by JPL. 

7. MRIR box and door - badly  damaged, some p a r t s  sa lvageable .  

8,  FAT booms and motor - some p a r t s  sa lvageable .  

9. Photoce l l  azimuth i n d i c a t o r  - des t royed .  

14 



TABLE V I  

WEIGHT AND LIFT DATA FOR JOINT OPERATION WITH JPL 
(F l igh t .  216-P 26 May 1966) 

lb - 
1461 

Parachute (64-Foot Diameter) 74 

S c i e n t i f i c  Payload p lus  B a l l a s t  and Some 1010 
NCAR Instrument a t  i o n  

Addi t iona l  B a l l a s t  

Cable 

Top Box 

Bottom Box 

Gross Weight 

F ree  L i f t ,  

Gross L i f t  

30 

27 

38 

2691 
- 

242 

2933 



V .  I N I T I A L  DATA EVALUATION FOR 8 MAY, 1966 BALLOON FLIGHT 

Selec ted  por t ions  of t h e  in t e r f e romete r  da t a  were checked v i s u a l l y  a s  
descr ibed above be fo re  l eav ing  P a l e s t i n e ,  Texas.  Resu l t s  were e x c e l l e n t ,  

Back a t  The Un ive r s i ty  of Michigan in te r fe rograms recorded j u s t  be fo re  
and immediately a f t e r  t h e  door was opened were t ransformed t o  s p e c t r a .  The 
d i f f i c u l t y  of de te rmina t ion  of t h e  in te r fe rogram ze ro  phase poin t  when viewing 
a t a r g e t  w i t h  p o s i t i v e  and negat ive  rad iances  was solved by t r i a l  and e r r o r .  
The f i r s t  spec t ra  were obtained on 31 May. The s p e c t r a  were examined c a r e f u l l y  
and a l l  absorp t ion  l i n e s  were i d e n t i f i e d .  The information was t r ansmi t t ed  t o  
GSX and discussed wi th  D r .  Hanel on 21 June.  

The 8 May f l i g h t  path was determined from t h e  camera 2 photos ( s e e  F igure  
16), 
of photoce l l  azimuth da ta  and MRIR da ta  was begun. 

F i l t e r  wedge da ta  records  were s e n t  t o  GSFC f o r  examination, t h e  a n a l y s i s  

16 



VI. FUTURE WORK 

The primary e f f o r t  dur ing  t h e  next  work per iod  will b e  devoted t o :  

Post f l i g h t  t e s t i n g  and c a l i b r a t i o n  of t h e  in t e r f e romete r  and MRIR 
radiometer .  

Repair of equipment and cons t ruc t ion  of new ba l loon  c o n t r o l  i n s t r u -  
mentat ion.  

Data ana lyses .  

Report wr i t i ng .  



V I I .  REFERENCES 

1. Diermendjian, D . ,  " S c a t t e r i n g  and P o l a r i z a t i o n  P r o p e r t i e s  of Water Clouds 
and Haze i n  t h e  V i s i b l e  and Inf ra red ,"  Applied Optics ,  - 3, 187-196, No. 2 
(February 1964) . 

1D 2. Neiburger, M . ,  Re f l ec t ion ,  Absorpt ion and Transmission of I n s o l a t i o n  by 
S t r a t u s  Clouds," J.  Meteor. , 6, 9S-l& (1919) e 

3 .  Bandeen, W . R . ,  Halev, M . ,  and S t range ,  I . ,  " A  Radia t ion  Climatology i n  
t h e  Vi s ib l e  and I n f r a r e d  from t h e  TIROS Meteorological  S a t e l l i t e s  ," NASA 
TN D-2534, Nat ional  Aeronaut ics  and Space Adminis t ra t ion ,  Washington, D.C .  

18 

i 



19 

\.!jM:=D:kO MICRONS r* 
\. 

j '., 
\ 1 

I 

i '\ 

/*' 

1 '<.-. 
*\., 

1 I 

I 0 3  

I o2 

IO' 

I oo 

Io-' 

I d2 

I o - ~  

I 
/* 

b.-.' 

- 

3 

L 

0 
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PROGRAM OF FUNCTIONS AND S I G N A L S  FOR N A S A  BALLOON FLIGHT 

*CAMERAS I a 2 OPERATE IN POSITIONS 3, 7. I I, 15,8 19 
CAMERAS 3 a 4 OPERATE IN POSITIONS 3, 11.8 19 

THE BASIC TIME INTERVAL I S  15 SECONDS 

REPEATED EVERY 5 MINUTES WHILE THE INFORMATION 
ON CHANNEL 4 IS REPEATED EVERY 15 MINUTES 
AND THE INFORMATION ON CHANNELS 12 8 E I S  DISPLAYED 
CONTINUOUSLY THROUGHOUT THE ENTIRE FLIGHT 

THE INFORMATION ON CHANNELS 1.2. 3,5.7, 8.9, IO. ii,a 0 IS 

* ?k CHANNELS 6 a 13 ARE CALIBRATED EVERY 10 MINUTES IN 
IN LEDEX POSITION 40 WITH THE 0 TO + 5 v  CALIBRATION 
SEWENCE 

EXPLODED VIEW OF A 
15 SECOND CALIBRATE OR 
MONITOR INTERVAL 

A B C D E F G H  I J K L M N O P Q R S  

CALl0RATlON 0 TO - 5 V  
A - 2 5 V  
B o v  
c - 2 5 v  
D - 5 O V  
E .  - 4.0 V. 
F -3.0 V. 
G - 2 0 V  
H - I O V  
I - o v  
J - 5 O V  
K - 4 O V  
L - 3 O V  
M - 2 0 V  
N - I O V  
0 o v  
P FREE AIRTEMP #I 
(I FREE AIR T E M P X Z  
R 0 VOLTS 
S. 0 VOLTS 

CALI BRATION - 2 5 TO + 2 5 V 
A - 2 5 V  
B - I 5 V  
c - 0 5 V  
D t 0 5 V  
E + 1 5 V  
F + 2 5 V  
G - 2 5 V  
H - 1 5 V  
I - 0 5 v  
J + 0 5 V  
K + 1 5 V  
L + 2 5 v  
M C A L I B  I BATT 
N CALIB 2 BATT 
0 t A I D  TRIGGER BATT 
P CAMERA BATT 
Q TELEMETRY B A T T  
R 12 V BATT 
S PHOTOCELL BATT 

GENERAL MONITORS 
A O V  
0 o v  
c o v  
D o v  
E O V  
F O V  
G O V  
H O V  
I o v  
J O V  
K O V  
L o v  
M O V  
N O V  
0 I R I S  DOOR OPEN 
P F R E t  A l R T E M P # I  
0 FREE AIR T E M P X Z  
R FAT THER SUPPLY 
S 0 VOLTS 

MRlR MONITORS 
A THER I 
B THER 2 
C THER 3 
D THER 4 
E THER 5 
F MRlR THER SUPPL 
G CHOPPER MONITOR 
H +lOVOLTS 
I MIRROR POSITION 
J B I A S  0ATT 
K 0 VOLTS 
L CALlB 5 0ATT 
M CALIB 3 0ATT 
N CALI0 4 BATT 
0 - A / D  TRIGGER BATT 
P FREE AIR TEMP # I  
0 FREE AIR TEMP #2 
R 0 VOLTS 
S 0 VOLTS 

.ALIBRATlON 0 TO +5 
A O V  
B I V  
c 2 v  
D 3 v  
E 4 V  
F 5 V  
G O V  
H I V  
I 2 v  
J 3 V  
K 4 V  
L 5 v  
M FILTER WEDGE 
N O V  
0 o v  
P o v  
9 o v  
R O V  
s o v  

Figure  18. 
f l i g h t .  

Program of func t ions  and s i g n a l s  f o r  8 May, 1966 ba l loon  
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